An experiment on polysaccharides from Rhodiolae Radix (PRR) extraction was carried out using microwave-assisted extraction (MAE) method with an objective to establishing the optimum MAE conditions of PRR. Single factor experiments were performed to determine the appropriate range of extraction conditions, and the optimum conditions were obtained using orthogonal experiment design. The results showed that the optimum MAE conditions of PRR were as follows: solid-liquid ratio of 1:45 g/mL, irradiation power of 480 W, and irradiation time of 8 min, while extraction yield of PRR was 3.24 %.
Introduction
Rhodiola sachalinensis A. BOR, a perennial herbaceous plant, belongs to the family Crassulaceae, and the root of the plant (Gao-shan-hong-jing-tian in Chinese), Rhodiolae Radix, has been widely used in traditional Chinese medicine for more than 800 years (Wu et al., 2003; Yan et al., 2004) . As a drug that enhances the body "source of adaptation to environment", Rhodiolae Radix has been used in such special occupations as diving, astronomy, piloting and mountaineering to enhance the body's ability to survive in adverse environments (Mao et Compared with conventional solvent extraction, MAE method has many advantages, such as shorter time, less solvent, higher extraction rate, lower cost and better products, without changing the molecular structure (Xie et al., 2010) . Nevertheless, few studies have focused on the optimum MAE conditions of polysaccharides from Rhodiolae Radix (PRR). The aim of the present work was to establish the optimum UAE conditions of PRR by using orthogonal experiment design in order to achieve scientific evidence for the processing and utilising of Rhodiolae Radix.
Materials and methods

Plant materials
Rhodiolae Radix was purchased from a local drug market and the material was identified by Mr. Wang Guang Yao, a 
Chemicals and reagents
Glucose (C 6 H 12 O 6 ) (AR class) was obtained from the National Institutes for Food and Drug Control (Beijing, China).
All other chemicals and reagents used were of analytical grade. Water was purified with a Milli-Q purification system and was used to prepare all solutions.
Extraction procedure
Microwave-assisted extraction (MAE) was performed with a commercial WD800ASL microwave extraction apparatus (Galanz Co., Shunde, China). The apparatus was a rectangular container (510×350×300 mm) and the power rating was 800W on the scale of 20-100%. The powder of Rhodiolae Radix was extracted in a Soxhlet apparatus with a mixture of chloroform-methanol (2:1, 75 °C), and pretreated with 80% ether twice to remove some coloured materials, oligosaccharides, and some small molecule materials. The organic solvent was volatilised and pretreated dry powder was obtained, as described 
Experimental design
The experimental design for this study was divided into two major parts. Firstly, single factor experiments were performed to determine the appropriate range of MAE conditions of PRR. Three key factors influencing the extraction yield of PRR were investigated, including solid-liquid ratio, irradiation power and irradiation time. Secondly, the optimum MAE conditions of PRR were obtained by using orthogonal experiment design (L 9 (3 3 )) based on single factor experiments. In general, a full evaluation of the effect of three factors from three levels on the extraction yield of polysaccharides needs twenty-seven experiments. In order to reduce the number of experiments, orthogonal design was used, reducing the number of experiments to nine.
Statistical analysis
All the experiments were carried out in triplicate and the results were expressed by mean ± SD. Software of orthogonal designing assistant II V3.1 was used for the evaluation of the statistical experimental design.
Results and discussion
Effect of solid-liquid ratio on extraction yield of polysaccharides from Rhodiolae Radix
In investigating the effect of solid-liquid ratio on extraction yield of PRR, several tests were performed at different 
Effect of irradiation power on extraction yield of polysaccharides from Rhodiolae Radix
In investigating the effect of irradiation power on extraction yield of PRR, several tests were performed at different irradiation power (160, 320, 480, 640, 800 W). The rest of the extraction conditions were solid-liquid ratio of 1:30 g/mL and irradiation time of 15 min. As shown in Figure 3 , with the increase of irradiation power from 160 to 480W, the extraction yield of PRR quickly increased from 0.73 to 2.37%. However, with the increase of the irradiation power from 480 to 800W, extraction yield quickly decreased from 2.37% to 1.36 %. Thus, 480W was chosen as the appropriate irradiation power. 
Effect of irradiation time on extraction yield of polysaccharides from Rhodiolae Radix
In investigating the effect of irradiation time on extraction yield of PRR, several tests were performed at different irradiation time (5, 10, 15, 20, 25 min) . The rest of the extraction conditions were solid-liquid ratio of 1:30 g/mL and irradiation power of 480W. As shown in Figure 4 , with the increase of irradiation time from 5 to 10 min, the extraction yield of PRR quickly increased from 1.09 to 2.84 %. However, with the increase of the irradiation time from 10 to 25 min, extraction yield decreased from 2.84 % to 1.85 %. Thus, 10 min was chosen as the appropriate irradiation time. Since various factors potentially affect the MAE process, the optimum extraction conditions represent a critical step in the development of an MAE method. In this study, integrating the results from the single factor experiments, three key factors influencing the polysaccharide yield were selected, thus: solid-liquid ratio, irradiation power and irradiation time.
Subsequently, a three-factor and three-level orthogonal experiment ( Table 2 .
According to the value of range R in Table 2 , irradiation power (factor B) exerted the most significant effect on extraction yield of PRR, and the order of importance that influenced extraction yield of PRR was found to be B (irradiation 
